Background: Staphylococcus aureus has the ability to form biofilms, and causes significant mortality and morbidity in the patients with wounds. Our aim was to study the in vitro biofilm-forming ability of isolated S. aureus patients and methods: one hundred clinical isolates of S. aureus were isolated from 350 pus samples using standard microbiological techniques. Biofilm formation ability of these isolates was detected phenotypically by tissue culture plate (TCP) method and congo red agar (CRA) and genotypically by detection of ica ABCD genes by PCR.
Introduction
Staphylococcus aureus is an opportunistic pathogen implicated as the most common agent of skin and soft tissue infections. It can breach the skin barriers through the wound or surgical incision and cause infection. Furthermore, it has the ability to adhere to and form a biofilm on tissues or medical indwelling devices [1] .
Biofilms are the aggregation of bacteria embedded in a self-produced extracellular matrix of exopolysaccharides (EPSs), proteins and some micromolecules such as DNA. They can form on both biotic and abiotic surfaces [2] . S. aureus initially adheres to a solid substrate, after which cell-cell adhesion occurs; the bacteria then multiply to form a multilayered biofilm encased in EPS. In fact, biofilm formation involves the production of polysaccharide intercellular adhesin, which depends on the expression of the intercellular adhesion ( IcaADBC) operon that encodes three membrane proteins (IcaA, IcaD and IcaC) and one extracellular protein (IcaB) [2] . Biofilm formation by S. aureus can lead to a delay in reepithelialization of the infected tissues, ultimately increasing healing time. S. aureus biofilms have been associated with chronic wounds like diabetic foot ulcer, pressure sores and venous ulcers. Detachment of matured biofilm of S. aureus is a prerequisite for the dissemination of wound infection [3] .
Biofilms
can resist antibiotic concentration 10-10,000 folds higher than those required to inhibit the growth of free floating bacteria [4] .So, regular surveillance of biofilm formation by S. aureus and their antimicrobial resistance profile may lead to the early treatment of the wound infection. Therefore, our aim was to study the in vitro biofilmforming ability of S. aureus isolated from wounds of hospitalized patients . and45 ºC(ica C) for 1min(annealing), 72ºC for 2.5 min extension); and then final extension at 72ºC for10 min. iii. Detection of the amplified genes: 10 μl of the amplification products were electrophoresed on agarose gel along with molecular weight marker100 bp DNA ladder, and the presence or absence of any resulting bands was evaluated under ultraviolet transillumination. 
Patients and Methods

Results
The study included 350 patients with wound infections isolated from patients recruited from different departments. Staphylococcus aureus was isolated in 100 patients .
i. Detection of Biofilm formation by phenotypic methods:
• Biofilm formation by tissue culture plate method; 24% of S.aureus isolates were non biofilm producers and 76% were positive biofilm producers (9%weak,48%modeate and 19%strong)
• Biofilm formation by congo red method; 26% of S.aureus isolates were non biofilm producers and 74% were positive biofilm producers (29%modeate and 45%strong). Congo red has statistically significant correlation with TCP (p value =0.001) ( Table 2) . ii.
Detection of Biofilm formation by genotypic method (PCR ; detection of ica genes)
• Regarding presence of one or more of ica genes in S.aureus strains; 70% positive and 30% negative • We found that there Ica A was present in 23% of isolates, Ica B was present in 11% of isolates , Ica C was present in 9% of isolates and Ica D was present in 70% of isolates.
iii.
comparison between TCP, congo and genotypic method for detection of biofilm formation • On comparison between TCP and genotypic method for detection of biofilm formation; sensitivity of TCP in comparison to PCR was 97.1%, specificity was 73.3 %, positive predictive value was 89.5% and negative predictive value was 91.7%. Two isolate was positive biofilm producer by PCR and negative biofilm producer by TCP. Eight isolates were non biofilm producers by PCR and positive biofilm producers by TCP method. There was high statistically significant relation between TCP and PCR mehods for detection of biofilm (p value < 0.0001) (table 2,3).
• On comparison between congo red and genotypic method for detection of biofilm formation ;sensitivity of congo red method in comparison with PCR was 77.1%, specificity was 33.3%, positive predictive value was 73% and negative predictive value was 38.5%. Sixteen isolates was positive biofilm producer by PCR and negative biofilm producer by congo red method. Twenty isolates were non biofilm producers by PCR and positive biofilm producers by congo red method . There was statistically significant relation between CRA and PCR methods for detection of biofilm (p value =0.008) (table 3,4) [26] . In our study, two isolates was positive biofilm producer by PCR and negative biofilm producer by TCP this could depend on the culture condition in MTP causing variability depending on the type of incubation medium, so some strains appear negative because their phenotype is not completely expressed in TSB broth. Eight isolates were non biofilm producers by PCR and positive biofilm producers by TCP method. There was high statistically significant relation between TCP and PCR methods for detection of biofilm (p value < 0.0001). This is in coordenence with Mirzaee et al. (2014) [23] . also found that one of the S.aureus isolates included in their study was negative for all of ica genes but still produced biofilm as shown by MTP method, suggesting that the difference between the phenotypic and the genotypic characterization of the strain may be explained by an alternative PIAindependent mechanism for biofilm formation in this isolate. On the other hand, inability of biofilm formation in some staphylococcal strains, despite the presence of ica genes can be caused by insertion of a 1332-bp insertion element (IS256), in icaA gene and causing its inactivation [27] . On comparison between congo red and genotypic method for detection of biofilm formation; sensitivity of congo red method was 77.1%, specificity was 33.3%, positive predictive value was 73% and negative predictive value was 38.5%. Sixteen isolates was positive biofilm producer by PCR and negative biofilm producer by congo red method. Twenty isolates were non biofilm producers by PCR and positive biofilm producers by congo red method .54 isolates were positive biofilm producers of 70 isolates positive by PCR. There was statistically significant relation between CRA and PCR methods for detection of biofilm (p value =0.008). [31] who demonstrated that 2% of strains with ica genes did not express phenotype. [32] hypothesize a translational or post-translational regulation with production of proteins with low or absent activity, associated with an absent phenotype. As Slime production and association in biofilm are two parameters of great complexity: they are highly correlated with the environment. Indeed, anaerobiosis and low concentrations of iron strongly increase biofilm expression (Baldassarri et al.,(2001) [33] and Cramton et al., (2001) [34] . On the other hand ,recent studies highlighted the role of phenol-soluble modulines that can control the passage from biofilm phase to non-biofilm phase, with subsequent dissemination (Yao et al., 2005) [35] . More-over, glucose concentration and, even more, glucose uptake of a particular strain ,and/or a peculiar phase of the growth curve ,can influence ica operon transcription and biofilm expression (Dobinsky et al., 2003) [36] . In contrast to this study Nasr et al.(2012) [13] reported low sensitivity (31.25%) and specificity (47.05%) of CRA method in comparison to genotypic method and don't recommended it for detection of biofilm formation by staphylococcal clinical isolates. Oliveira and Cunha Maria de Lourdes, (2010) [26] study showed higher sensitivity (89%) and specificity(100%) of CRA method in comparison to ica genes . However, these authors concluded that CRA might be imprecise in the identification of positive isolates when compared to molecular analysis of the genes involved in biofilm production.
Liberto et al.(2007)
Regarding to studying some the possible risk factors for biofilm formation by S.aureus in infected wounds our study revealed that; The mean age ±SD was 35.1±21.6 for cases and 37.0±19.0 for controls with (P value = 0.585). The median age was 31 years for cases and 40 for controls . The range for age was (4-70) for cases and (4 -72) for controls which is statistically insignificant so no relation between age of the patients and biofilm formation by S.aureus in infected wounds. These results are in agreement with Shakibaie et al.(2015) [37] and Cha et al., (2013) [38] who found no relation between age of the patients and biofilm formation( p value= 0.343 and 0.203 respectively). The sex distribution among cases was 41 males representing (83.7%) of all males included in the study and 29 females representing (56.9%) of all females included in the study, while the controls was 8 males representing (16.3%) of all males included in the study and 22 females representing (43.1%) of all females included in the study with (P value 0.003 ) which is statistically significant so there was significant relation between male gender and biofilm formation by S.aureus in infected wounds .This is in agreement with Cha et al. (2013) [38] and Taj et al. (2011) [18] and showed that gender had no relation with biofilm formation ( p value 0.990 and 0.476 respectively). Regarding to the type of wound of studied population; 60(60%) S.aureus isolates were from infected surgical wounds, 18(18%) isolates from infected diabetic foot, 10 (10%) from infected bed sores ,7(7%) from infected burn wounds and 5(5%) from infected chronic wounds. There was a strong relationship between biofilm formation by S.aureus and bed sore infections (P value is <0.05). Abarna et al., (2017) [39] found no relation between type of wound and biofilm formation. DM impacts the immune system and impair wound healing and impaired perfusion and tissue oxygenation as a result of the microvascular changes associated with DM this leads to higher possibility of infection and biofilm formation [40] . Yet, In our study there was no relation between biofilm formation and DM , the same was found by Luther et al. (2018) [41]. This may be the due to low number of diabetic patients enrolled in our study (~25%) ; thus, limiting the power of the analysis. In general, implantation of medical devices (e.g., materials for wound stabilization, catheters, and joint prosthetics) has been frequently associated with the production of biofilms and subsequent infections (Arciola et 
